Abstract: The AAT's new IR array camera, IRIS, has been used to image the Galactic Centre in the He I (2.058 m), H + Br (2.166 m) and H 2 1{0 S(1) (2.122 m) emission lines. The case is presented for UV{ excitation of the molecular gas, as opposed to shocks.
Introduction
Far{IR observations have revealed a ring of dust, of inner radius 1.7pc, centred on the nucleus of the Galaxy (Becklin, Gatley and Werner, 1982) . Inside lies an ionized cavity. Outside it, the circum-nuclear disk (CND) contains ionized, neutral and molecular gas (see the review of Genzel, 1989) . The molecular gas has been observed in tracers such as CO 1{0 (Liszt et al., 1983) , in HCN (G usten et al., 1987) indicating densities in excess of 10 4 cm ?3 , and in H 2 1{0 S(1) (Gatley et al., 1984 (Gatley et al., , 1986 indicating that portions are being vigorously agitated. Shock-excitation has commonly been assumed (e.g., Gatley et al., 1984) . The far{IR neutral gas line luminosity, 5 10 4 L is however 0:5% of the far{IR continuum luminosity (Becklin et al., 1982) , a diagnostic ratio characteristic of far{UV illuminated molecular clouds, or photodissociation regions (PDRs, see Tielens and Hollenbach, 1985) . In PDRs, H 2 is excited by uorescence, and it is therefore of interest to ascertain whether this process could be contributing to the H 2 line emission in the Galactic centre. Shocked and uorescent H 2 emission can be distinguished by measurement of line intensities from the rst few vibrational levels emitted in the near{IR (e.g., see Burton, Hollenbach and Tielens, 1989) . Until recently, however, instrumentation has lacked the necessary sensitivity to make the required observations.
Observations and Analysis
We observed the Galactic centre in June 1991 using the new near-IR array camera, IRIS (see Allen, 1992) , on the 3.9m Anglo-Australian Telescope in spectroscopic mode. In Figure 1 are shown images for the He I 2.058 m line, the H + Br 2.166 m line, the H 2 1{0 S(1) 2.122 m line, together with broad band K0 (2.1 m) emission. The line images were constructed by scanning the telescope perpendicular to the slit at 1 arcsec/minute in declination, with the array read out every minute. Using a 20" long 1:4" wide slit, a 2 0 long strip was scanned in 2 hours. Six overlapping strips were completed to construct a data cube covering spatially the region of H 2 line emission ( 2 0 2 0 ), and spectrally the entire K (2.0-2.4 m) window with a resolution, R = = , of 400. The frames were linearized, at elded using a tungsten lamp illuminating the dome interior, and the curved orders of the echelle straightened from calibration measurements of a bright star. (-14) 1-0 Q(3) 2.424 1.5 (-14) 1-0 Q (4) 2.438 7.9 (-15) 1-0 Q (5) 2.455 1.9 (-14) 1-0 Q (6) 2.476 7.8 (-15) Fluxes are through a 1:4" 4:7" aperture (6 pixels) oriented E{W on the H2 emission peak in the NE of the circumnuclear disk.
Continuum subtraction was performed from the adjacent pixels in the spectral dimension of the data cube, to produce emission line maps. This is made possible because, at each spatial position, both the line and continuum are observed identically in the spectroscopic format. This technique is superior to narrow-band imaging using a suitable lter in such crowded regions where seeing changes prohibit accurate continuum subtraction using broad-band images. The nal images had a stretch and shear applied in order to adjust the spatial scale in declination (drift direction) to the 0.79" scale in RA (slit direction), and to reduce distortions induced by tracking errors. Comparison with the K 0 image shows errors up to 1" in absolute position, although locally relative errors are much smaller than this (as are errors between images at di erent wavelengths). Images at other wavelengths between 2.0 and 2.4 m than shown in Figure 1 may be constructed from the nal mosaiced data cube. At the position of the H 2 emission peak in the NE lobe, a K{band spectrum was obtained with normal long-slit spectroscopic techniques, and involved 40 minutes of onsource integration. This is shown in Figure 2 , and line uxes are listed in Table 1 .
Discussion
As can be seen in the broad band image, the Galactic centre and plane is clearly revealed through the intervening obscuration. Also apparent are a number of obscuring clouds that lie along the ring of molecular gas seen for instance, in HCN. The He I image shows a compact group of emission line stars in the core of the Galaxy. As discussed by Allen et al. (1990) and Krabbe et al. (1991) , they form a cluster of massive blue supergiants, with heavy mass loss and total luminosity 10 7 L , comparable to the far{IR luminosity of the central few parsecs. The Br image is virtually identical to the ionized gas streamers traced by the 5 GHz radio continuum (Yusef-Zadeh et al. 1989) . Lying outside the ionized gas, at radius 2 pc and extending for 1-2 pc, is excited molecular gas seen in the H 2 image. It forms 1 m) images of the Galactic Centre, covering 103" 145". The He I shows the cluster of massive stars at the centre of the Galaxy, the Br the ionized streamers, the H 2 the surrounding circum-nuclear disk, and K 0 the stellar distribution along the Galactic plane. North is at the top and east to the left.
Figure 2: Continuum subtracted spectrum at the H 2 emission peak in the NE of the circum-nuclear disk around the Galactic Centre. The spectral resolution is 400.
an incomplete ring, better de ned to the NW where its inner edge also traces the outer edge of the ionized gas. Along its SE edge the ring is poorly de ned in H 2 , and indeed perhaps should not be regarded as a ring at all. The Br and H 2 also partially overlap here. However the obscuring clouds, which are more prominent along the SE edge of the ring in the K 0 image, may in uence the morphology, with greater extinction hiding the H 2 here.
The ratio of the 1{0 and 2{1 S(1) lines, a diagnostic of the excitation of the molecular gas, is 6, midway between the observed value for shocks ( 10) and pure uorescence ( 2). This is indicative of collisional uorescence, whereby UV-excited H 2 molecules are collisionally depopulated in dense ( 10 5 cm ?3 ) gas (see Sternberg and Dalgarno 1989, Burton et al. 1990) . The extinction at 2.1 m to the NE lobe, determined from the ratio of the 1-0 S(1) and Q(3) lines (at 2.12 and 2.42 m, arising from the same upper energy level) is 2 mags. (A v 20), a little lower than the commonly adopted value of 2.5-3 mags. (e.g., Becklin et al. 1978) . The Q(3) line intensity is, however, subject to uncertainties arising from telluric absorption features.
Shocks have been suggested as the excitation mechanism for the H 2 emission, but a shock with the parameters derived by Gatley et al. (1984) produces H 2 line emission an order of magnitude weaker than that observed. Three arguments suggest UV{excitation. (1) The ratio of far{IR line to continuum is characteristic of a PDR. (2) The cluster of massive stars radiates su cient UV to account for the far{IR luminosity. (3) The H 2 vibrational line ratio suggests collisional uorescence. We have investigated whether a PDR model can account for the observed H 2 lines uxes and be consistent with the observed emission from neutral nestructure lines and high{J CO emission. In Table 2 (1985) , CO 7-6 from Harris et al. (1985) and H 2 from this work. 3. The Model t is from the PDR models of Burton et al. (1990) . It assumes a far{UV eld, G 0 = 10 5 times the ambient interstellar eld, and that the surface lling factor of gas in the 30" beam is 60% 10 5 cm ?3 + 13% 10 7 cm ?3 . 4. The notation is that 6.5 (-10) means 6:5 10 ?10 , for example.
are listed the observed uxes for a number of lines at the NE peak of the CND. Comparison between them is plagued by di erences in the beam sizes for the measurements. We assume that the variation of line ux with aperture follows that of the H 2 , as traced by the 1{0 S(1) image, to derive the surface brightness averaged over a 30" beam. These are listed in Table 2 together with the best tting PDR from the models of Burton et al. (1990) , adopting a local far{UV eld 10 5 times the strength of the ambient interstellar value. We consider a`clumpy' PDR, where 60% of the surface lling factor of the beam is gas of density 10 5 cm ?3 , 13% is much denser, 10 7 cm ?3 , and the rest is very low density ( 10 3 cm ?3 ). As can be seen, a reasonable t is obtained for all the lines, with the exception of CO 7{6 which is an order of magnitude stronger than predicted and cannot simply be reconciled with the model. In view of the mass loss from the central star cluster, it is entirely reasonable to expect that shock heating may contribute to some line intensities. In particular, turbulence may keep the molecular gas su ciently agitated to excite the lower level CO lines, but not to contribute to higher excitation emission, such as high{J CO or H 2 . We cannot, however, quantify such a contribution at present.
Conclusions
Spectral line imaging of the Galactic Centre in the near{IR has revealed a cluster of massive He emission line stars, streamers of ionized gas seen in Br , and an incomplete surrounding ring of excited molecular gas, the circum-nuclear disk. We have shown that UV{ excitation of the molecular gas in a photodissociation is a more natural explanation of the emission than shock excitation. We require an additional mechanism, perhaps some form of turbulent heating, to excite the lowlying CO 7{6 line.
